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Abstract£?Two new C»; steroidal glycosides nominated cixi — ophiopogon AE” 2£@nd BE" 3£@ogether 
with a known ophiogenin 3 — O — a — L — rhamnopyranosyl£ 1— 2£© B — D — glucopyranosideE” 1£© 
were isolated from the tubers of famous traditional Chinese herb — Ophiopogon japonicum. The 
spectroscopic and chemical evidences revealed their structures to be ophiogenin 3 - O- a- L- 
rhamnopyranosy£" 1 + 2£€J8 — D — xylopyranosyl£” 1 — 3£Y- 8 — D — glucopyranoside£" 2 £ Gnd 
ophiogenin 3 - O — a — L — rhamnopyranosyl£” 1 > 2 £03 — D - xylopyranosyl£ 1 > 3 £08 -D- 
glucopyranosyE” 1—4£€- B- D- glucopyranosid 3£€respectively. 

Key words£2LiliaceacE-Ophiopogon japonicum £€&5, steroidal glycosidesE-@ixi — ophiopogon A and B 


The tuber of Ophiopogon japonicum is recorded to impose various functionsE-such as 
against cardiovuscular diseases and anti — bacteria£-and used as a potent drug to treat different 
diseases£-especially heart diseases in the Oriental Medicine Systen£" V? ECEAO/ÉBO? 3à£4977 £O 
'Therefore£-much more attention has been paid to the studies of chemical components of O. 


japonicum in recent decades since the first steroidal glycoside was isolated from the plant by 
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Japanese scholars£ Tada et al £+972£©Up to date£thesides borneol and its glycosides” Adinolfi 
et al £4990£@homoisoflavonoidsE’ Tada et al £4980£20 OMDAE4987£@nd steroidal glycosides 
as the major glycosides with the aglycones of ruscogenin and diosgenin had been reported Tada 
et al £4973£Nakanishi et al £4987£»Adinolfi et al £3990£»Branke et al£4995£©Because of 
our interest in the development of preparation SHENG — MAI — SAN which was composed of 
Panax ginseng£-O. japonicum and Schisandra chinensis£- . japonicum native to different 
places in China has been investigated in order to examine the bioactively chemical components 
and to prepare authentic steroidal glycosides for assay control of drug. Two new steroidal 
glycoside named cixi— ophiopogon A£ 2£@nd BE 3£@ossessing ophipogenin as aglycone£—alone 
with a known compound — ophiogenin 3 — O - a — L — rhamnopyranosyl£” 1— 2£© 8 - D- 
glucopyranosid£ 1 £€ Adinolfi et a/ £990 £Gs its major glycoside were isolated from O. 
japonicum collected in Cixi County£-Zhejiang ProvinceE-P. R. China in September£-995. 
Hereinfthe structural elucidation on the basis of the combined spectroscopic and chemical 
means is described. 

Cixi — ophiopogon A£ 2£Qorresponded with a molecular formula C44 H79 Ojg which was 
determined from the quasi — molecular ion peak at n£z 885 .4549£E Cy, Hy Op£© HEY in its 
negative ion high — resolution FAB — MS£' HR — FAB - MS£@neasurement. The IR of 2 
showed a characteristic of 25£° R£O spirosteroid at 980£-930£-910 and 870 cm £" the intensity£2 
910>930£© The 'H NMR spectrum of 2 demonstrated£" See Experimental£@ pattern very 
similar to that of compound 1£' Adinolfi et al £3990£Gxcept for one more hexose£-and the 
coupling constants of the anomeric proton signals at 8 4.38€ 1H£d£> = 8.1 Hz£€4.93£ 1H£^ 
d£} = 7.8 Hz£®and 6.16£ 1H£^br. s£Ghdicated two B — linkages and one a linkage in the 
sugar chain. On acidic hydrolysis£-2 gave ophiogenin£ 4£Gplucose£-rhamnose and xylose by 





TLC and PC comparison with authentic samples. Accordingly£Ahe negative ion FAB — MS 
displayed a quasi — molecular ion at 885EÜM — HEY f£-together with ion peaks at n£z 753£UM - 
132 — HEY £-740£UM — 146 £Y £-445£UM — 132 — 146 — 162 — HEY £-which suggested that 2 


contained rhamnose and xylose as terminal sugars£-»nd glucose as inner sugar in the sugar 





sequence£-and ophipogenin 4 to be aglycone. This was further confirmed by the PC NMR 
spectral data of 2£ Table 1£QvhichE-by comparison of those between 1 and 4£-obviously 
indicated that 2 possessed 4 as the aglycone moiety and had one more terminal xylose than that 
of 1. By further comparison of the ^C NMR data due to sugar moiety of 2 and 1£-t was 
observed that the chemical shift ascribed to C — 3 of inner glucose was downfielded 10 ppm from 
8 77.98 of 1 to 8 88.29 of 2£-and the chemical shifts due to C - 2 and C - 4 of inner glucose 
were also upfielded about 3 ppm£^which revealed that one more xylose of 2 was glycosidated 
with C— 3 hydroxyl group of inner glucose£thus the sequence of sugar was established to be — 
a— L- rhamnopyranosyÉ" 1—2" — D — xylopyranosyl£” 1—3£Y- 8 — D — glucopyranosyl. By 
the wayf£the glycosidation shifts at C - 2£E° — 1.4 ppm£€€ — 3£° + 5.9 ppm£f£and C - 4£° — 
3.5 ppm£@ere observed for the aglycone moiety by being compared with data of 4£° Nakanishi 
et al£4987£€ which proposed that the sugar moiety be attached at C — 3 hydroxyl group of 
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aglycone moiety. Consequently£the structure of 2 was deduced to be ophiogenin 3-O-a-L 
— rhamnopyranosylE” 1—2£f6p — D — xylopyranosy £ 1—3£Y- 8 — D — glucopyranosid£ 2£O 
Table 1 ^C NMR spectral data of glycosdie 1~3 








The aglycone moieties The sugar moieties 
Carbon 1 2 3 Carbon 1 2 3 

1 37.83 37.80 37.80 Glc- 1’ 100.44 100.03 100.03 
2 30.30€ —1.2£€80.17£€ —1.4£€80.17£ —1.4£O 2’ 79.67 76.43 76.03 
3 71.98€ + 6.4£077.53£ + 5.9£€77.53€ ^ 5.9£O 3 77.98 88.29 80.41 
4 39.11 —3.2£©88.82E°-3.5£© 38.82 4 72.90 69.62 80.40 
5 140.44 140.34 140.40 5 78.21 77.85 78.22 
6 122.31 122.42 122.45 6 62.82 62.49 62.17 
7 26.28 26.22 26.25 Rha- 1” 102.06 102.31 102.16 
8 36.34 36.35 36.37 2: 72.02 72.47 72.50 
9 43.60 43.59 43.64 3” 72.58 72.90 72.85 
10 37.48 37.46 37.49 4’ 74.27 74.13 73.98 
11 20.16 20.16 20.20 5! 69.48 69.62 69.98 
12 26.61 26.62 26.65 6 18.86 18.67 18.65 
13 48.38 48.39 48.43 Xyl- 1^ 105.43 102.68 
14 87.82 87.83 87.87 x 74.74 73.20 
15 40.43 40.43 40.44 d 78.37 78.75 
16 90.57 90.58 90.60 Ae 70.72 70.67 
17 91.16 91.17 91.21 5” 67.28 66.91 
18 20.67 20.16 20.72 Glc - 17 102.68 
19 19.45 19.44 19.48 d 73.98 
20 45.22 45.23 45.26 3” 76.05 
21 9.73 9.74 9.77 47 70.95 
22 109.62 109.64 109.60 5” 76.93 
23 32.11 32.22 32.25 6” 61.58 
24 28.95 28.95 28.98 

25 30.44 30.45 30.48 

26 66.86 66.87 66.91 

27 17.29 17.30 17.35 


Glycosidation shifts given in the parentheses by being compared with reported values of ophiogerninf 4£®Assignments on 
the basis of ! H — 'H£-?C - 'H Correlated 2D Spectroscopy£ COSY £@nd Distortionless Enhancement by Polarization Transfer 
£ DEPT£OGIc£9B — D - glucopyranosyIÉ*Rha£9a — L — rhamnopyranosyl£Xyl£28 — D — xylopyranosyl. 


Cixi — ophiopogon A£ 3£Gxhibited a molecular formula Csg Hz9O»4 which was determined 
from the quasi — molecular ion peak at n£z 1047 .4973£ C4,H;,0;,£ € HEY in its negative ion 
HR - FAB - MS measurement. The IR of 3 demonstrated the typical absorptionof 25£ R£G 
spirosteroid at 980£-920£-900 and 870 cm £" the intensity£2900 > 920£© The 'H NMR 
spectrum of 2 possessedf See ExperimentalfGimilarity to that of glycoside 2 except for one 
more anomeric proton signal£-which suggested that 3 was composed of 2 and one more hexose£^ 
and the coupling constants of the anomeric proton signals at 6 4.22£ 1H£d£4 = 8.0 Hz£€8 
4.90€ 1H£d£3 = 8.1 Hz£5.41£ 1H£d£3 = 8.0 Hz£€and 6.16£ 1H£-br. s£Gnplied the 
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presence of two f linkages and one a linkage in the sugar chain. Negative ion FAB — MS gave a 
quasi — molecular ion at n£z 1047€" M - H£Oas well as ion peaks at n£z 915£UM — 132 — H£Y £^ 
901£UM — 146 — HEY £-885£ÜM — 162 — HEY £-753£UM — 132 - 146 — 162 — H£Y £-445£UM — 


sugar chain£Y £-which indicated that 3 was comprised by three terminal sugar£-viz£-glucose£^ 





rhamnose and xylose£7and another sugar glucose as inner sugar in the sugar sequence£nd 4 to 
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be aglycone. On acidic T gave 4£-plucoseEthamnose and xylose by TLC and PC 
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comparison with authentic samples. This was proved by the ^C NMR spectral data of 3€" Table 
1£&rhich£-by comparison of those between 2 and 4£bviously indicated that 2 possessed 4 as 
the aglycone moiety and had one more terminal glucose than that of 2. By further comparison of 
the ^C NMR data due to sugar moiety of 3 and 2£-tlearly proposed that 3 possessed 4 as 
aglycone moiety and had one terminal glucose than that of 2. By carefully comparison of the °C 
NMR data of sugar moiety of 2 and 3£3t was noted that the chemical shift due to C — 4 of inner 
glucose was downfielded 10 ppm from 6 69.62 of 2 to 8 80.41 of 3£-~which revealed that the 
one more glucose of 3 was glycosidated with C — 4 hydroxyl group of inner glucose. Enzymatic 
hydrolysis of 3 by 8 — glucosidase gave deglucosyl derivative which was identified as 2 by TLC 
comparison. Glucose in water layer was determined by TLC and PC comparison with authentic 
samples. Thus the sequence of sugar chain was characterized. Meanwhile£-the glycosidation 
shifts at C- 2£° — 1.4 ppm£9€ — 3£° + 5.9£€and C- 4£^ — 3.5£@ere also observed for the 
aglycone moiety by comparison of data of ophiogeninf 4£f© Nakanishi et al £A987£€which 
meant that the sugar moiety was attached at C - 3 hydroxyl group of aglycone moiety. Hence£^ 
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the structure of 3 was thereof concluded to be ophiogenin 3 — O - a — L — rhamnopyranosyÉ 1— 
2£Kp — D - xylopyranosyl£ 1 — 3 £08 ~D - glucopyranosyl£” 1 —4£&Y- B — D- glucopyranoside 
£3£0 


Experimental 

Melting points were determined on Kofler hot stage apparatus and uncorrected. Optical 
rotation was measured with a J — 20C digital polarimeter at room temperature. IR spectra were 
recorded in KBr on a Perkin — Elemer 577 spectrometer. FAB — MS was performed on a VG 
AUTOAPEC 3000 mass spectrometer. The NMR spectra were run on a Bruker AM — 400 
instrument at 400 MHz for 'H and 100.6 MHz for PC in C;D;N£-and chemical shits were given 
as Æ ppm£Gyith TMS as an internal standard. Column chromatography was carried out on 
Qingdao silica gel£-FUJI gel£ ODS — Q,ffóMitsubishi Chemical Co. ££and Lichprep Lobar Rp 
— 18 gel£ Merck£€d LC were performed on Merck precoated plate Kiessel gel 60F;4, and Rp 
—18 F;4,£G&iith the following solvent system£9A£-€ HCl; - MeOH — H,OF 8£8£0.2£5£ vE®BBE- 
MeOH - HŒ 8 £8£@and C£mBuOH - HAC - HOE” 4£$£8£-pper layer£O 

Plant material. The plant used in this research was collected in September 1995 in Cixi 





County£Zhejiang Province£-€hina and was identified as Ophiopogon japonicum by Hangzhou 
Institute of Drug Control. The voucher specimen was deposited in this institute. 

Isolation of glycoside. Root of O. japonicum£ 20 kg£@vas extracted with 90% EtOH 
under reflux for 3 times. The residue from the evaporation of solvent was dissolved in water 
and chromatographied on a Dio; resin with H5O — EtOH£ 100 to 1096 ££ v£Go give 4 
fractions. The 50% H5O — EtOH eluent as main glycoside was concentrated in vacum to obtain 
30 g of crude glycoside which was subjected to flash and medium pressure chromatography on 
silica gel with CH3Cl - MeOH — H œŒ 95£8£8 to 80f80£8.2£@ give fraction | £ mainly 1£€^ 
IE mainly 2£@nd III£ mainly 3£@llowed by reverse — phase column chromatography on MCI 
CHP - 20£-Lichprep Lobar Rp - 18 and FUJI gel£ ODS - Q4£&yith MeOH — HOE 7£9 to 8£9 
2£Go afford glycoside 1£ 20 mg£-70.000296 £€2£' 50 mg£-0.000596 £€xnd 3£ 200 mg£^ 
0.002 96 £O 

Ophiogenin 3 — O — a — L — rhamnopyranosyl£ 1—2£0 f — D — glucopyranoside£ 1£©An 
amorphous white powder£»mp 248 ~ 252 C ££Üo £f — 93.33°£° MeOH£— 0.3 £€ FABMS 

£” negative£ QE 7£2753£UM — HEY £-607£UM — 146 — HEY £445£ÜM — 146 — 162 — HEY SHR 
FABMSE neg. £Q£ 7 753.4035£ÜVE" C44Hi,0;, £O HEY £valed 753 .4062£AR vax cm! £480 

£'OH£61630£ C = C£€1060£ C — O - C£6980£-925£-902£ intensity 902 > 925£6870£»H 
NMRÉ C;D4N£G0.67£ 3H£d£3 = 5.6 Hz£t - 27£65.10€ 3HEBEFI - 18£€t.13€ 3H£s£^ 
H-19£6€1.27£ 3H£«l£3 = 7.2 Hz£-H - 21£€1.79£ 3H£-«l£3 = 6.2 Hz£-H - 6'£€4.81 

£|H£«£j = 7.6 Hz£-H-16£65.0?£ 1H£d£3 = 7.8 Hz£H- 1'£65.39£ 1H£-br. s£-H — 
6£66.16£ 1 H£br. s£-H — 1'£8?C NMR£9ee Table 1. 

Cixi — ophiopogon AE” 2£©An amorphous white powder£-mp 250—255 'C fEbb£¥ — 39.09* 

£' McOHE 0.55£O6FABMSE neg. £ G£ 7£9885EÜM — HEY £-753£UM — 132 — HEY £-740£UM - 
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146£Y £-445£UM - 132 — 146 — 162 — HEY EHR — FABMSE" neg. £ G£ 7 885.4549£0ME" CJ, Hvo 
Oj;s £O HEY £cealed 885.4485£9IR ving, cm £93450£ OH£O4640£ C= C£8060£ C- O- CEE 
980£-930£-910£" intensity 91027 930£€870£9H NMRE' C4D;N£O 0.65€ 3H£-d£3 = 6.2 Hz£^ 
H -27£€1.09£ 3H£3s£4H - 18£€1 .12£ 3H£3£-H - 19£61.26£ 3H£d£3 = 7.2 Hz£H - 
21£6€1.74£ 3H£d£3 = 6.2 Hz£t - 6'£6€4.38£ 1H£d£3 = 8.1 Hz£H - 1" £€4.80£ 1H£^ 
t£} = 7.6 Hz£H - 16£64.93£ 1H£-l£3 = 7.8 Hz£-H - 1'£65.30£ 1Hf br. s£-H - 6£€^ 
6. 16£° 1H£-br. s£cH — 1'£8& C NMR£9see Table 1. 
Cixi — ophiopogon BE 3£OAn amorphous white powderPmp 218—222 'C SULLY — 57.82° 
£° MeOHE 0.31£8F ABMS neg. £@£7£21047£UM — HEY £-915£0M - 132 — HEY £-901£0M - 
146 — HEY £-885€UM — 162 — HEY £-753£UM — 132 — 162 — HEY £445£UM — 132 - 146 — 162 
162- H£Y £»HR — FABMS£' neg. £Qrx£% 1047.4973 £UME" Cay Hyg O3 £O- HEY £-valed 
1047 .4988£AR vin. cm ! £$3450£ OH£€4640£ C = C£61060£ C — O - C£6980£-920£-900 
£' intensity 900 920£€870£7H NMRE C5DS5N£G 0.65£ 3HEWEF = 6.2 Hz£-kI - 27£.09 
£ 3H£s£-H - 18£€*.10£ 3H££-H - 19£61.26E 3H£d£3 = 7.2 Hz£H - 21£€14.74£ 3H£^ 
d£} = 6.0 Hz£dH- 6'£€4.2?7£ 1H£d£3 = 8.0 Hz£H - 1"£64.80£ 1H£«v£3 = 7.8 Hz£^ 
H-16£€4.90£ 1H£d£j = 8.1 Hef - 1'£65.41£ 1HEWE4 = 8.0 Hef - 1” £85.40 
£ 1H£br. s£-H — 6£66.16E 1H£-br. s£-H — 1'£8?C NMR£%ce Table 1. 

Enzymatic hydrolysis of 3 with f — glucosidase. A suspension of € 10 mg£@Qnd f — 
glucosidase juice from AlmondÉ 0.2 mL£&h 5 mL of 0.3 moEL NaOAc buffer adjusted to pH 
5.5 was allowed to stand at 37C for 3 days. Removal of solvent under reduced pressure gave a 
residue which was detected to contain glycoside 2£-and glucose by TLC£ CHCl, - MeOH — 
H,O£8£2 £8.2 and 4£3£9 on silica plate£-and MeOH£9H;O£-8£2 on Rp- 18 plate£&nd PC 

£ nBuOH - HAc - H;O£4£$£8£p - layer£@nalyses. 

Acidic hydrolysis of glycoside 1£-2 and 3. A soln of 1£ 5 mg£&n 1 mL HCl - MeOH£ 2 
mof L£@as refluxed at 100 C for 2 hrs and then neutralized with sat. BE OH£(q. Removal 
of MeOH followed by participation between H5O and CHCI. The ophiogenin£ 4£&ras detected 


from the CHCl; layer by TLC comparison. Glucose and rhamnose in water were revealed by 








TLC and PC analyses. The other glycoside 2 and 3 were acid — hydrolyzed with the same 
method described above to provide aglycone 4 from organic phase£-and glucose£-Thamnose and 


xylose from water layer. 
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